Sponge plant is an emerging threat that has spread throughout California including the Sacramento-San Joaquin Delta, which is an important water resource for agriculture as well as critical habitat for a variety of threatened and endangered species. More data are needed on effective control methods for this spreading invader, as current management practices are not preventing proliferation. The overall objectives of this research were to evaluate imazamox, penoxsulam, topramezone, florpyrauxifen-benzyl, and carfentrazone-ethyl for control of sponge plant using three testing scales, as well as compare image analysis software to traditional biomass response for measuring herbicide performance. Overall, 280 g imazamox ha −1 (with one-percent methylated seed oil surfactant) was found as a potent solution for all different growth stages of sponge plant, and 70 g penoxsulam ha −1 as an alternative for control of sponge plant in the seedling and rosette growth stage. The image analysis software yielded similar measurement of herbicide effects as traditional biomass measure. Mesocosm testing indicated imazamox treatment sites should be inspected at four week intervals to identify plants missed by prior applications. This research provides water resource managers critical information for identification of an aquatic invasive species, and selecting an effective rapid management program.
Introduction
New invasive weeds are constantly introduced to waterways, which can lead to major ecological changes and economic impact if not appropriately managed. , and North American green sturgeon (Acipenser medirostris Ayres) [5] . The delta also serves as a source of irrigation water for over 200,000 hectares of agricultural land, assists in water conveyance as part of the Central Valley Project and State Water Projects of California, allows navigation for commercial shipping, and has extensive recreational uses [5] .
Sponge plant can be difficult to identify as possesses three distinct growth patterns including: 1) a seedling stage mimicking duckweed (Lemna sp. and Landoltia sp.), 2) a rosette stage that looks similar to immature fragrant water lily (Nymphaea odorata Aiton), and 3) a stalked emergent stage often mistaken as waterhyacinth [Eichhornia crassipes (Mart. ) Solms] [4] . A key identification attribute of sponge plant is aerenchyma located on the underside of the leaf. Aerenchyma of seedling and rosette growth forms are obvious, although the mature emerged obovate leaves predominantly only have aerenchyma where the petiole and blade initially connect. There are two prominent relatives of sponge plant with similar morphologic features found in North America, frog's bit (Limnobium spongia) and European frog's bit (Hydrocharis morsus-ranae L.). Frog's bit is a native of the Southern United States, however is considered problematic in the Northeastern United States [6] , and European frog's bit is also problematic and invasive in the Northeast portion of North America [7] . Limnobium can be differentiated from Hydrocharis by emergent leaves, which European frog's bit only has floating leaves [8] . A diagnostic feature for discerning frog's bit versus sponge plant is the leaf tip; sponge plant has spathulate leaves, while frog's bit has pointed blades.
Past management practices for sponge plant have been aggressive, with eradication as the management objective. Typical means of removal have been mechanical harvesting and herbicide treatment. The primary means of chemical control in the Sacramento-San Joaquin Delta has been diquat dibromide with some limited use of glyphosate [9] [10] . There are minimal data on the efficacy of these two herbicides for sponge plant control and diquat has a low allotment of acres to which it can be applied in the Delta, reducing usefulness in a control 
Materials and Methods

Initial Herbicide Screen
Three toxicity experiments were used to assess alternative means to improve control options for sponge plant. Sponge plant used in the bioassays was collected 
Second Toxicity Experiment Evaluating Adjuvants
In the second trial, the bioassay was conducted in a climate-controlled greenhouse at a larger scale (18.9 L or five gallon aquaria), using the same well water as used in the indoor experiment. This bioassay focused on the acetolactate synthase (ALS) inhibitors and comparing efficacy of the methylated seed oil and silicon-based adjuvants. Plants were allowed to reach the rosette stage and cover the water's surface before treatments were applied. The treatments were: 70 g penoxsulam ha 
Large Mesocosm Herbicide Evaluation
The last trial was the largest of the three in scale and conducted in a climate 
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Results and Discussion
Initial Herbicide Screen
Results of the small-scale, 12 L herbicide screen, indicated sponge plant was responsive to treatments of imazamox, penoxsulam, and topramezone, while tolerant to tested treatments of carfentrazone-ethyl and florpyrauxifen-benzyl . All treatments were applied with one-percent MSO. Error bars are ± one standard deviation (n = 3). Different letters denote significant differences (α = 0.05).
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mode of action that allows for control of hydrilla (Hydrilla verticillata) with limited activity on elodea (Elodea canadensis), which are both monocots [14] . Carfentrazone-ethyl has activity for Lemna sp. control, while having only limited impact when used alone on Hydrilla verticillata [15] . Error bars are ± one standard deviation (n = 3). Note the y-axis is broken starting at 96 percent reduction v untreated controls rather than zero. An asterisk denotes significant differences between treatments (α = 0.05). No significant differences were discerned. 
Second Toxicity Experiment Evaluating Adjuvants
Large Mesocosm Herbicide Evaluation
In the largest scale experiment (2,000 L mesocosms), reduction of canopy was observed with the untreated control and 280 g imazamox/ha (Figure 3 , 280 g imazamox ha −1 MSO, as well as untreated control. Error bars are ± one standard deviation (n = 3). Different letters denote significant differences between treatments (α = 0.05).
B. E. Willis et al. Journal of Geoscience and Environment Protection
foliage or chlorotic meristem). These plants that assumed "escaped" treatment rapidly recolonized the mesocosm to an estimated 50 percent by nine WAT.
Management practices using a foliar imazamox treatment will likely require a follow up spot treatment after four weeks to prevent recolonization if sponge plant escape foliar spray.
Conclusion
Overall, 280 g imazamox ha −1 (with one-percent methylated seed oil surfactant) was found as a potent solution for all different growth stages of sponge plant, and 70 g penoxsulam ha −1 as an alternative for control of sponge plant in the seedling and rosette growth stage. Mesocosm testing indicated treatment sites should be inspected every four weeks to treat any sponge plant missed by prior applications. This research is critical to guiding improved sponge plant control and highly applicable to water resource managers, due to the marginal effectiveness of current management practices yielding continued spread of this invasive species.
